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Two porphyrins with oligo-phenothiazine arms have been synthesized by a combination of Heck and
Adler reaction, and their photophysical properties have been investigated by absorption and steady-state
fluorescence spectroscopy. It is found that the excitation energy transfer occurs from the phenothiazine
units to the porphyrin core, and that the porphyrins can emit intense red light with high fluorescent
quantum yields.

� 2008 Elsevier Ltd. All rights reserved.
There has been continuous interest in the synthesis of porphy-
rins because of their wide potential applications in catalysis, med-
icine, photochemical energy conversion, switches, and molecular
electronics.1 It is well known that the peripheral substituents on
the porphyrin core not only can modulate the physical properties,
but also can impart the desired chemical characteristics to the
macrocycle. Recently, a series of linear p-conjugated oligomers,
such as oligofluorenes, oligo-p-phenylenevinylenes, oligothioph-
enes, and oligocarbazoles, have been introduced into the porphyrin
core to build star-shaped porphyrins,2 which are good candidates
for photoinduced energy transfer systems and fluorescence emit-
ting materials.3,2a,f On the other hand, phenothiazine is a recog-
nized pharmaceutical compound bearing electron-rich sulfur and
nitrogen heteroatoms, and the phenothiazine ring is nonplanar
with a butterfly conformation in the ground state, which can im-
pede the molecular aggregation and the formation of intermolecu-
lar excimer. Thus, phenothiazine maybe a potential p-type (hole
transport) semiconductor in organic devices, presenting unique
electronic and optical properties.4 Therefore, if oligophenothiazine
is introduced into the porphyrin, its excitation energy may transfer
to the porphyrin ring, showing interesting photophysical proper-
ties. To the best of our knowledge, there is no report on the synthe-
sis of the phenothiazine-functionalized porphyrin. In this Letter,
we designed and prepared two new porphyrins using phenothia-
zine or diphenothiazine units as the arms in the meso-positions.
It is found that the excitation energy transfer occurs from the phe-
nothiazine arms to the porphyrin core, and both compounds can
ll rights reserved.
emit intense red light in solution as well as in the film with the
fluorescent quantum yields of 0.35–0.40, which are higher than
most porphyrins reported.2a,h,3b

The synthetic routes for the phenothiazine-functionalized por-
phyrins are shown in Scheme 1. Firstly, we synthesized the alde-
hyde precursors, compounds 4 and 5 via Heck reaction from
compounds 1 and 3, respectively. The Heck coupling reaction be-
tween compound 1 and p-iodobenzaldehyde was carried out at
110 �C for 15 h in DMF using Pd(OAc)2 and tetrabutylammonium
bromide as the catalysts, affording compound 4 in a yield of 85%.
Compound 5 could be gained in a yield of 70% under similar Heck
coupling condition. In addition, compounds 1–3 were synthesized
according to the methods reported previously.5d The porphyrins
OPTZP1 and OPTZP2 with phenothiazine arms were synthesized
via Alder reaction in the mixed solvents of propionic acid, acetic
acid, and nitrobenzene6 because we found that only traces of OPT-
ZP1 and OPTZP2 were obtained when the reaction was taken place
in propionic acid alone or in xylene using p-nitrobenzoic acid as
the catalyst.7,2h Finally, the porphyrins OPTZP1 and OPTZP2 in
the yields of 18% and 15%, respectively, were gained in the mixed
solvents at 135 �C for 2 h, and they had good solubility in common
solvents, such as tetrahydrofuran, toluene, and dichloromethane.
All the intermediates and the final products were purified by col-
umn chromatography. The molecular structures were character-
ized with FT-IR, 1H NMR, elemental analysis, and MALDI/TOF
mass spectroscopy.8 The porphyrins and the corresponding alde-
hyde precursors exhibited an IR absorption band around
960 cm�1 arising from the wagging vibration of the trans-double
bond. 1H NMR spectra confirmed that all the vinylene groups were
in trans-conformation because no peak appeared at 6.56 ppm
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Scheme 1. Synthesis of the phenothiazine-functionalized porphyrins OPTZP1 and OPTZP2. Reagents and conditions: (a) 3-formyl-7-bromo-10-octylphenothiazine, Pd(OAc)2,
K2CO3, DMF, Bu4NBr, 110 �C, 12 h; (b) p-iodobenzaldehyde, Pd(OAc)2, K2CO3, DMF, Bu4NBr, 110 �C, 15 h; (c) Ph3PCH3I, t-BuOK, THF, rt, 12 h; (d) pyrrole, propionic acid, acetic
acid and nitrobenzene, 135 �C, 2 h.
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Figure 1. Absorption spectra of OPTZP1, OPTZP2, and TPP in toluene
(2 � 10�6 mol/L).
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assigned to the proton in cis-double bond,5 and the expected sig-
nals for the inner protons of the porphyrin moiety were located
at �2.70 ppm. The MALDI/TOF-MS spectra also confirmed that
the target porphyrins were generated, and some fragmentation
peaks were due to the cleavage of N-octyl bonds.5d,9

Figure 1 shows the absorption spectra of OPTZP1 and OPTZP2,
several absorption bands in the visible region could be found,
including four Q-bands in the 500–700 nm region (consistent with
a free-base porphyrin) and Soret bands, other absorption bands be-
tween 300 nm and 400 nm were due to the peripheral phenothia-
zine–vinylene arms. We found that the Soret bands of OPTZP1 and
OPTZP2 (ca. 435 nm, Table S1) were red-shifted compared to that
of TPP (418 nm), this phenomenon can be attributed to the pres-
ence of an intramolecular donor-acceptor molecular framework
as well as conjugation between the electron-withdrawing porphy-
rin unit and electron-rich oligophenothiazine–vinylene arms,
which might decrease the energy gap.10 As shown in Figure 2,
the absorption spectra of OPTZP1 and OPTZP2 in the film were
identical to those in the dilute solution except for slight red-shift,
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Figure 2. Normalized absorption spectra of OPTZP1 and OPTZP2 in the films.
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Figure 4. Emission spectra of compound 3, OPTZP1, and OPTZP2 in toluene
(2 � 10�6 mol/L) excited at 295 nm.
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which implied that intermolecular aggregation was suppressed in
the films owing to the nonplanar conformation of phenothiazines.4

Figure 3 gives the fluorescence spectra of OPTZP1 and OPTZP2
in toluene excited at 435 nm, and the characteristic luminescence
of the porphyrin cores at 662 nm appeared (Table S1). However,
when the excitation wavelength of 295 nm, which could excite
the phenothiazine–vinylene units instead of the porphyrin core,
was selected, the emission at 662 nm due to the porphyrin cores
could also be detected, while the feature emission from the pheno-
thiazine–vinylene (the reference compound 3 could emit intense
green light located at 500 nm under excitation at 295 nm as shown
in Figure 4) was quenched. It suggested that the excitation energy
of the phenothiazine–vinylene units might transfer to the porphy-
rin core. It was also found that the fluorescence intensity of OPT-
ZP2 was much higher than that of OPTZP1, illustrating that the
light-harvesting ability of OPTZP2 was improved compared with
OPTZP1 because of the multiplying of the number of phenothia-
zine units.11 Figure S1 shows the fluorescence emission spectra
of OPTZP1 and OPTZP2 in the films (excited at 440 nm), the por-
phyrins exhibited strong fluorescence emission and the emission
bands were also slightly red-shifted from 662 nm to 666 nm (Table
S1), indicating the phenothiazine ring was an excellent building
block for impeding the aggregation and intermolecular excimer
formation. The fluorescent quantum yields (UF) were measured
against TPP as the standard.2c,11 The UF values of OPTZP1 and OPT-
ZP2 in toluene were 0.39 and 0.40, and in thin films were 0.35 and
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Figure 3. Emission spectra of OPTZP1, OPTZP2, and TPP in toluene (2 � 10�6 mol/
L) excited at 435 nm.
0.37, respectively, which were much higher than most porphyrins
reported, so they could be a good candidate for red-emitting
materials.

In conclusion, we have synthesized two new porphyrins func-
tionalized with monophenothiazine and diphenothiazine arms.
The investigation of their photophysical properties revealed that
the excitation energy of phenothiazine units could transfer to the
porphyrin core and the obtained porphyrins could emit intense
red light with higher fluorescence quantum yields than most por-
phyrins reported. They may possess potential applications in pho-
tonic devices.
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